Background/Aims: Evidence on modifiable factors associated with cognitive impairment in Japanese patients is scarce. This study aimed to determine modifiable factors for cognitive impairment in a Japanese hospital-based population. Methods: Subjects of this cross-sectional study were 1,143 patients of Sado General Hospital (Niigata, Japan) registered in the Project in Sado for Total Health (PROST) between June 2008 and September 2014. We assessed disease history, body mass index (BMI), leisure time physical activity, walking time, smoking and drinking habits, and consumption of vegetables, fruits, and green tea as predictors, with cognitive impairment defined by the Mini-Mental State Examination (score <24) as an outcome. Multiple logistic regression analysis was performed to calculate odds ratios (ORs) for cognitive impairment. Results: The mean subject age was 68.9 years, and the prevalence of cognitive impairment was 21.5%. Multivariate analysis revealed that age (p < 0.001), low BMI (<21.1; OR 1.39, 95% CI 1.12-1.72), a history of stroke (p = 0.003), a history of myocardial infarction (p = 0.038), low fruit consumption (p for trend = 0.012), and low green tea consumption (p for trend = 0.032) were independently associated with a higher prevalence of cognitive impair-
Introduction
Growing numbers of dementia patients have become an important public health issue worldwide. Currently, approximately 36 million people are affected by dementia globally, and the number is projected to triple by 2050 [1] . An increasing number of dementia patients also represent a major public health burden in Japan, where the elderly population is rapidly growing. The number of dementia patients in Japan was estimated to be 2.8 million in 2010 and is expected to reach 4.7 million in 2025 [2] . Dementia reduces the quality of life of both patients and their families who provide care and causes social and economic loss due to increased medical care costs. As effective treatments for dementia are limited, prevention is a focus of attention.
Modifiable factors associated with cognition and dementia should be determined in view of dementia prevention, and in this context, a number of epidemiological studies have been conducted [3] . A review by Beydoun et al. [3] found lower educational attainment and decreased physical activity to be major predictors, but further studies will be needed to identify other potential modifiable factors in various ethnic groups. Epidemiological studies conducted in Japan have been scarce, with only a few articles mentioned in recent reviews [3, 4] , although some studies targeting Japanese populations have recently been published [5, 6] .
Cognitive impairment appears in the early or intermediate stage of dementia and is thus targeted in the prevention of this disorder. It is also a meaningful outcome in epidemiological studies, given that cognitive impairment in early stages of dementia is not only a high risk factor for dementia but also an important risk factor for frailty [7] , which potentially leads to increased care costs [8] . Against this backdrop, this study aimed to determine modifiable factors for cognitive impairment in a Japanese hospital-based population that underwent a cognitive function examination.
Subjects and Methods

Subjects
The subjects of the present cross-sectional study were those registered in the patient registry of Sado General Hospital in Sado City, Sado Island, Japan (population of 64,310 as of October 1, 2008; working populations of 24% for primary, 21% for secondary, and 54% for tertiary industries, and per capita income of 2.0 million JPY [9] ), during the period between June 2008 and September 2014. Sado Island is located 30 km off the coast of Niigata City (population of approximately 800,000; working populations of 5% for primary, 23% for secondary, and 72% for tertiary industries, and per capita income of 2.8 million JPY [9] ), the capital of Niigata Prefecture, in mainland Japan. This registry, referred to as the Project in Sado for Total Health (PROST), was initiated in June 2008 in conjunction with the Center for Inter-Organ Communication Research, Niigata University Graduate School of Medical and Dental Sciences, and included all outpatients aged 20 years and older. Details regarding PROST have been described elsewhere [10] . Upon registration, cognitive function and blood pressure were examined, and demographic and lifestyle information was collected. For the present study, the inclusion criterion was patients aged 40 years or older, excluding those undergoing kidney dialysis, which is considered an independent predictor of cognitive impairment [11] . As of September 11, 2014, a total of 2,161 patients were registered, of whom 1,240 underwent a cognitive function examination. Of these, 97 undergoing dialysis were excluded, and the remaining 1,143 patients were considered the subjects of this study.
Measurements
Cognitive function was assessed using the Mini-Mental State Examination (MMSE) [12] , a brief, validated instrument commonly used to screen for dementia. MMSE scores range from 0 to 30, with lower scores indicating greater cognitive impairment. The area under the receiver operating characteristic curve of MMSE for DSM-III-R-diagnosed dementia in a Japanese population was reported to be as high as 0.980 [13] . Cognitive impairment was defined as an MMSE score of <24 (i.e. MMSE cutoff score of 23/24) [13, 14] .
Systolic and diastolic blood pressures were measured twice using an automatic sphygmomanometer after an at least 5-min rest. Body weight and height were measured with a digital scale. Height was estimated as twice the value of the arm span [15] for patients whose height was not measured using the scale. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ).
Information on sex, age, disease history, physical activity, smoking and drinking habits, and frequency of vegetable, fruit, and green tea consumption was obtained using a questionnaire. The current history of hypertension and diabetes and the past history of stroke and heart disease were taken. Walking time was indicated as none, 1-29, 30-59, or ≥ 60 min/day and leisure time physical activity (exercise, brisk walk, etc.) as none, 1-2, 3-4, or ≥ 5 times/ week. For smoking habit, patients were classified as nonsmoker, past smoker, and current smoker and for alcohol intake as nondrinker, chance drinker, and drinker (at least once a week). The frequency of vegetable, fruit, and green tea consumption was each estimated according to subject responses and classified as none, 1-2, 3-6 times/week, or every day for vegetables and fruits, and none, 1-6 times/week, or every day for green tea.
Statistical Analysis
Normality was assessed for continuous variables. The Student t test or the Mann-Whitney U test was used to analyze differences in continuous variables by sex. Simple and multiple logistic regression analyses were performed to calculate odds ratios (ORs) of predictor variables for cognitive impairment (MMSE score <24). Continuous variables were divided into quintiles for OR comparisons, and p for trend was calculated by logistic regression analysis. SAS statistical package (release 9.4, Cary, N.C., USA) was used for all statistical analyses. A p value <0.05 was considered statistically significant.
Statement of Ethics
Written informed consent was obtained from all subjects. The protocol of PROST was approved by the Ethics Committee of Niigata University School of Medicine.
Results
The mean subject age was 68.9 years, and the prevalence of cognitive impairment was 21.5%. Subject characteristics by sex are shown in table 1 . There were significant differences in age, height, weight, and BMI, but not in MMSE score, by sex.
Sex-and age-adjusted ORs for cognitive impairment according to levels of predictor variables are shown in table 2 . Age was a strong predictor of cognitive impairment. Histories of stroke and myocardial infarction, shorter walking time, less drinking, and lower fruit and green tea consumption were associated with cognitive impairment. Although BMI was not significantly associated with cognitive impairment (p for trend = 0.059), the lowest quintile group had a significantly higher OR relative to the reference group (3rd quintile).
To determine independent factors associated with cognitive impairment, multiple logistic regression analysis was performed for candidate predictor variables with statistical significance ( table 2 ) , including BMI, histories of stroke and myocardial infarction, walking time, drinking habit, fruit consumption, and green tea consumption. Since the association between BMI quintiles and cognitive impairment was U-shaped ( table 2 ), the analysis was performed with BMI as a discrete variable: 1 = BMI 23.2-24.6 (3rd quintile); 2 = BMI 21.1-23.1 (2nd quintile) and BMI 24.7-26.7 (4th quintile), and 3 = BMI <21.1 (1st quintile) and BMI ≥ 26.8 (5th quintile). Age, BMI (discrete), histories of stroke and myocardial infarction, and consumption of fruit and green tea were found to be independent predictors of cognitive impairment ( table 3 ) . The prevalence of cognitive impairment was much higher in the ≥ 80-year-old age group (45.7%) than in the other groups, and thus, we conducted a subgroup analysis in the <80-and ≥ 80-year-old age groups (n = 970 and n = 173, respectively). Age (OR 1.08, 95% CI 0.96-1.21, p < 0.001), history of stroke (OR 1.93, 95% CI 1.19-3.13, p = 0.007), and fruit consumption (OR 0.86, 95% CI 0.68-0.97, p = 0.022) were significant predictors in the <80-year-old age group.
Discussion
The present study showed that age, BMI, self-reported history of cerebrovascular and cardiovascular diseases, and consumption of fruits and green tea were independently associated with the prevalence of cognitive impairment as assessed by the MMSE.
In this study, a low BMI was significantly associated with a high prevalence of cognitive impairment. The association between BMI and cognitive impairment has been somewhat contradictory in the literature. A systematic review by Gorospe and Dave [16] found a high BMI to be a risk factor for dementia. Being overweight, a characteristic feature of metabolic syndrome, is associated with insulin resistance and hypertension, both of which are risk factors for cognitive impairment and dementia [17] . Recent reports suggest that the relationship between BMI and cognition is dependent on age (e.g. midlife vs. late life) [18, 19] . Most epidemiological studies [19] have found obesity in midlife to be a risk factor for the development of dementia, whereas a high BMI in late life is a protective factor [19] . According to our data stratified by age groups ( table 4 ), the lowest-BMI group in the older-age group ( ≥ 70 years of age) is at high risk of developing cognitive impairment (adjusted OR 2.19), which is in line with the results of previous studies targeting older individuals [19] . According to a meta-analysis by Anstey et al. [18] , a U-shaped relationship was found between midlife BMI and later risk of dementia, i.e. both underweight and overweight individuals are at risk. Moreover, a recent large cohort study showed that underweight individuals are at an increased risk of dementia in all age groups [20] . Our findings are consistent with these reports in that the observed association was nearly U-shaped, although risk in the 5th quintile of BMI was marginal. Taken together, a low BMI appears to be a risk factor for cognitive impairment.
It remains unclear why a lower BMI is associated with a higher prevalence of cognitive impairment, but this could be related to low levels of dementia-related molecules, such as leptin and adiponectin, which are protective of cognitive function [19] . Moreover, a lower BMI is associated with in vivo biomarkers of cerebral amyloid and tau, suggesting that neuropathologic changes may occur in areas including the hypothalamus that play regulatory roles in energy metabolism and food intake [21] . It should be noted, however, that there may be a reverse causal relationship, i.e. changes in eating habits of patients with cognitive impairment (e.g. appetite loss) might have led to a low BMI.
In the present study, lower fruit consumption was associated with a higher prevalence of cognitive impairment. Although limited epidemiological evidence exists regarding fruit consumption [22, 23] , associations between greater fruit and vegetable intake and better cognitive performance have been suggested [24, 25] . High levels of antioxidants and/or macronutrients from fruits and vegetables reportedly have favorable effects on cognitive function [22] . However, the present study did not detect an association between vegetable consumption and the prevalence of cognitive impairment. This may be due to subjects' responses to the question of vegetable consumption being clustered in the 'every day' group.
Green tea consumption was also a protective factor against cognitive impairment. Consistent with this, previous cross-sectional [26] and longitudinal [6] studies also reported that consumption of green tea, but not black tea or coffee, protects against cognitive impairment, suggesting that the effects of green tea consumption may be independent of caffeine intake, which is a possible factor for improved cognitive function [3] . Since green tea is widely consumed in Japan, further studies to accumulate evidence are warranted.
In agreement with our study, recent review articles showed with sufficient evidence that cognitively stimulating activities, including physical and social activities, are modifiable protective factors [3, 27] , and that moderate alcohol consumption may also be protective against cognitive impairment [27] . However, conflicting results have been reported on the putative protective role of healthy dietary habits and other lifestyle factors [3, 27] . Further well-designed longitudinal studies are needed, especially in Asian populations.
As described in the Subjects section, Sado is considered rural in comparison to urban cities such as Niigata City in Japan. The rural aspect of the study location is also characterized by the fact that Sado Island is within uneasy access of mainland Japan. Although the way of living is not different from that on the mainland, findings of the present study may not be generalizable to urban populations.
This study has several limitations. First, our subjects were outpatients of a general hospital and may not represent the general population of the same age group. In addition, outpatients have various health problems, which may have confounded predictor-outcome associations in this study. Second, we did not assess subject education level, an important factor associated with cognitive impairment [3] . This may also have confounded the observed associations. Third, self-reported variables are prone to misclassification bias due, in part, to errors of recall. Finally, our study used a cross-sectional design that does not necessarily imply causal relationships and did not assess all modifiable factors associated with cognitive impairment. Further studies will be needed to confirm our results.
In conclusion, the present study demonstrated that some modifiable factors, such as low BMI, low fruit consumption, and low green tea consumption, as well as a history of vascular disease, are associated with a high prevalence of cognitive impairment in a Japanese population. Longitudinal studies should be performed to confirm these findings.
